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Abstract 

Carbon nanotube-cadmium selenide (CNT-CdSe) composite was synthesized by a facile hydrothermal method 
derived from multi-walled carbon nanotubes as a stating material. The as-prepared products were characterized by 
X-ray diffraction, scanning electron microscopy with energy dispersive X-ray analysis, transmission electron 
microscopy (TEM), and UV-vis diffuse reflectance spectrophotometer. The as-synthesized CNT-CdSe composite 
efficiently catalyzed the photodegradation of methylene blue in aqueous solutions under visible-light irradiation, 
exhibiting higher photocatalytic activity. 



Introduction 

Environmental problems such as toxic organic pollu- 
tants provide the impetus for fundamental and applied 
research into environmental areas. Semiconductor 
photocatalysts have attracted considerable attention for 
a long time in the fields of photochemistry [1-5] because 
of their usefulness with regard to solving environmental 
problems. Over the last few years, considerable efforts 
have been made in the controlled synthesis of various 
nanoscaled materials to improve their properties for 
photocatalysis. Cadmium selenide (CdSe) is an n-type 
semiconductor. Its bandgap energy was reported to be 
in the range from 1.65 to 1.8 eV [6-9]. CdSe was found 
to be suitable for various optoelectronic applications 
such as light- emitting diodes, laser diodes [10-13], cata- 
lysis [14], solar cells [15], and biological labeling [16]. 

More recently, many groups have synthesized CdSe 
nanomaterials with high photocatalytic activity in the 
degradation of organic pollutants under UV light irra- 
diation, such as CdSe-Pt nanorods and nanonets [16], 
hybrid CdSe-Au nanodumbbells [17], CdSe/ZnS-photo- 
sensitized nano-Ti02 film [18]. Therefore, as an impor- 
tant semiconductor, CdSe is an effective catalyst for 
photocatalytic degradation of organic pollutants. How- 
ever, a few recent papers have discussed the preparation 
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and properties of CdSe combining with carbon nano- 
tubes (CNTs) composite. Since the discovery of the 
CNTs [19,20], they have attracted much attention 
because their unique mechanical, optical, and electrical 
properties that may impact many fields of science and 
technology [21-24]. However, the functionalization of 
CNTs requires chemical modification of their surface, in 
order to form the functional groups on the surface. 

In this paper, the multi-walled carbon nanotubes 
(MWCNTs) were used as start material and functionalized 
by m-chlorperbenzoic acid (MCPBA). Then the CNT- 
CdSe composite were prepared directly via a conventional 
hydrothermal method. The intrinsic characteristics of 
resulting composite were studied by X-ray diffraction 
(XRD), scanning electron microscopy (SEM) with energy 
dispersive X-ray (EDX), transmission electron microscopy 
(TEM) analysis and UV-vis diffuse reflectance spectro- 
photometer. The photocatalytic activity of the as-synthe- 
sized samples was evaluated by degrading methylene blue 
(MB) under irradiation of visible light. 

Experimental 

Materials 

Crystalline MWCNTs powder (diameter, 5-20 nm; 
length, -10 \im) of 95.9 wt.% purity from Carbon Nano- 
material Technology Co., Ltd., Pohang-si, Gyungbuk-do, 
Korea was used as a starting material. For the oxidiza- 
tion of MWCNTs, MCPBA was chosen as the oxidizing 
agent which purchased from Acros Organics, New 
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Jersey, USA. Benzene (99.5%) was used as the organic 
solvent which purchased from Samchun Pure Chemical 
Co., Ltd, Seoul, Korea. Cadmium acetate dihydrate (Cd 
(CH3COO)2, 98%), selenium metal powder, and ammo- 
nium hydroxide (NH4OH, 28%) were purchased from 
Dae Jung Chemicals & Metal Co., Ltd, Siheung-si, 
Gyonggi-do, Korea. Anhydrous purified sodium sulfite 
(Na2S03, 95%) was purchased from Duksan Pharmaceu- 
tical Co., Ltd, Ansan-si, Gyeonggi-do, Korea. The MB 
(CigHigNgS-Cl, 99.99+%) was used as model pollutant 
which purchased from Duksan Pure Chemical Co., Ltd, 
Ansan-si, Gyeonggi-do, Korea. All chemicals used with- 
out further purification and all experiments were carried 
out using distilled water. 

Synthesis of CdSe and CNT-CdSe composite 
Synthesis of CdSe 

For the synthesis of CdSe compound, the sodium seleno 
sulfite (Na2SeS03) solution and Cd(NH3)4^"^ solution was 
prepared at first. Na2S03 (5 g) and selenium metal pow- 
der (0.5 g) were dissolved in 30-mL distilled water and 
refluxed for 1 h to form Na2SeS03 solution. Meanwhile, 
Cd(CH3COO)2 (0.5 g) was dissolved in 2-mL distilled 
water. NH4OH (6 mL) was added to it and the mixture 
was stirred till it dissolved completely to form Cd(NH3)4^ 
^ solution. Finally, Cd(NH3)4^"^ and Na2SeS03 solutions 
were mixed together and the mixture was stirred and 
refluxed for at least 5 h. After the temperature of the 
mixture was brought down to room temperature, the 
mixture was filtered through Whatman filter paper. The 
solid obtained was collected and washed with distilled 
water for five times. After being dried in vacuum at 353 
K for 8 h, the CdSe compound was obtained. 



Synthesis of CNT-CdSe composite 

For preparation of the CNT-CdSe composite, the 
MWCNTs had to functionalize by MCPBA at first. 
MCPBA (1 g) was melted in 60 mL benzene, and then 
0.5 g MWCNTs was put into the oxidizing agent. The 
mixture was stirred with a magnet for 6 h at 343 K. 
Then the MWCNTs was dried at 373 K and spared. 

The functionalized MWCNTs with Cd(NH3)4^"' and 
Na2SeS03 solutions which were prepared above were 
mixed together and the mixture was stirred and refluxed 
for at least 5 h. After the temperature of the mixture 
was brought down to room temperature, the mixture 
was filtered through Whatman filter paper. The solid 
obtained was collected and washed with distilled water 
for five times. After being dried in vacuum at 353 K for 
8 h, the CNT-CdSe composite with chemical band was 
obtained. Figure 1 shows the schematic presentation of 
the functionalization of MWCNTs and the coupling of 
CdSe nanoparticles with MWCNTs. 

Characterization 

XRD (Shimadz XD-Dl, Uki, Kumamoto, Japan) result 
was used to identify the crystallinity with monochro- 
matic high-intensity CuKa radiation (A = 1.5406 A). 
SEM (JSM-5600, JEOL Ltd., Tokyo, Japan) was used to 
observe the surface state and structure of prepared com- 
posite using an electron microscope. Transmission elec- 
tron microscopy (TEM, Jeol, JEM- 2010, Japan) was 
used to determine the state and particle size of prepared 
composite. TEM at an acceleration voltage of 200 kV 
was used to investigate the number and the stacking 
state of graphene layers on various samples. TEM speci- 
mens were prepared by placing a few drops of sample 
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Figure 1 Schematic presentation of the functionalization of MWCNTs and the coupling of CdSe nanoparticles with MWCNTs. 
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solution on a carbon grid. The element mapping over 
the desired region of prepared composite was detected 
by an EDX analysis attached to SEM. UV-vis diffuse 
reflectance spectra were obtained using an UV-vis spec- 
trophotometer (Neosys-2000, Scinco Co. Ltd., Seoul, 
Korea) by using BaS04 as a reference at room tempera- 
ture and were converted from reflection to absorbance 
by the Kubelka-Munk method. 

Photocatalytic activity measurements 

The photocatalytic activity under visible lamp (KLD-08L, 
220 V, 50-60 Hz, 8 W, pure white, A > 420 nm, Fawoo 
Tech Co., Ltd., Tokyo, Japan) irradiation of the CNT- 
CdSe composite was evaluated by using MB as the 
model substrate. In an ordinary photocatalytic test per- 
formed at room temperature, 0.05 g CNT-CdSe compo- 
site was added to 50 mL of 1.0 x lO'^-mol/L MB 
solution, which was hereafter considered as the initial 
concentration (cq). Before turning on the visible lamp, 
the solution mixed with composite was kept in the dark 
for at least 2 h, allowing the adsorption/desorption equi- 
librium to be reached. Then, the solution was irradiated 
with visible lamp. The first sample was taken out at the 
end of the dark adsorption period (just before the light 
was turned on), in order to determine the MB concen- 
tration in solution after dark adsorption, which was 
hereafter considered as the initial concentration (Cads)- 
Samples were then withdrawn regularly from the reactor 
by an order of 30, 60, 90, 120, 180, and 240 min, and 
immediately centrifuged to separate any suspended 
solid. The clean transparent solution was analyzed by 
using a UV-vis spectrophotometer (Optizen POP, 
Mecasys Co., Ltd, Seoul, South Korea) at wavelength of 
665 nm [25-27]. 

Results and discussion 

Characterization 

Figure 2 shows X-ray patterns of the pristine MWNTs, 
CdSe, and CNT-CdSe composite. From Figure 2, it can 
be seen that the diffractogram of pure MWCNTs exhibit 
the typical peaks at 25.9° and 42.7°, corresponding to the 
graphite (002) and (100) reflections (Joint Committee for 
Powder Diffraction Studies (JCPDS) No. 01-0646) [28], 
respectively. For CdSe compound, the XRD diffraction 
peaks around 29 of 25.4°, 42°, and 50°, which can be 
indexed to the characteristic peaks (111), (220), and 
(311) plane reflections of cubic crystal structure CdSe 
with lattice constants of 6.05 A according to the stan- 
dard powder diffraction data (JCPDS No. 65-2891 for 
CdSe, cubic) [29,30]. However, for CNT-CdSe compo- 
site, only the typical peaks arose from CdSe were 
detected. As we known, CdSe has three crystalline 
forms wurtzite (hexagonal), sphalerite (cubic), and rock- 
salt (cubic). The sphalerite CdSe structure is unstable 
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Figure 2 XRD patterns of MWCNTs, CdSe, and CNT-CdSe 
composite 
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and converts to the wurtzite form upon moderate heat- 
ing. The transition starts at about 130°C, and at 700°C it 
completes within a day. The rock-salt structure is only 
observed under high pressure. However, in our study, 
the highest temperature was 70°C to approximately 80°C 
at hydrothermal experiment. So the obtained CdSe com- 
pound and CNT-CdSe composite exited cubic CdSe 
structure. Therefore, the micromorphology of CNT- 
CdSe is different from that of the mixture of MWNTs 
and CdSe. No peaks for impurities are detected, indicat- 
ing that the hydrothermal method used in this study is 
responsible for the formation of the CNT-CdSe 
composite. 

Figure 3 shows the SEM microphotographs of CdSe 
and CNT-CdSe composite. From the Figure 3a, very 
uniform spherical-shaped CdSe particles with agglomer- 
ate together can be observed. For CNT-CdSe composite, 
as shown in Figure 3b, spherical-shaped agglomerated 
CdSe particles are mixed with MWCNTs. More detailed 
information of the surface state can be confirmed by the 
transmission electron microscopy (TEM). Figure 4 
shows the TEM image of CNT-CdSe composite. It can 
be observed that the surface of MWCNTs have been 
coated with CdSe layers uniformly with particle size of 
about 10 nm. 

To get information about change in elements and ele- 
ment weight percent, the prepared CdSe and CNT-CdSe 
composite were examined by EDX. Figure 5 shows the 
EDX microanalysis and element weight percent of CdSe 
and CNT-CdSe composite. From Figure 5a, b, main ele- 
ments such as Cd and Se are existed in CdSe composite. 
Apart from these two kinds of main elements, the main 
element C is also existed in CNT-CdSe composite, as 
shown in Figure 5c, d. 
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(a) 




Figure 3 SEM microphotographs of CdSe (a) and CNT-CdSe (b) 
composite. 



use the following formula to calculate the band gap 
energy of CdSe. 



Figure 6 shows the UV-vis diffuse reflectance spectra 
of CdSe and CNT-CdSe composite. The reflectance 
characteristics of the CdSe composite were quite similar 
to that of the CNT-CdSe composite except the CdSe 
composite has an absorption edge at 830 nm. We can 




ahv = A[hv — Eg) 



1/2 



where a, v, Eg, and A are the absorption coefficient, 
light frequency, band gap, and a constant, respectively. 
Therefore, the band gap energy (Eg) of CdSe compound 
can be estimated from a plot of {ahv)^^^ versus photo 
energy (/zv), as shown in figure inset in Figure 6. The 
band gap energy of CdSe is 1.74 eV, which is fairly close 
to literature value of 1.65 to 1.8 eV (CdSe) [6-9]. 

Moreover, the two composite both exhibit strong 
absorption in the UV light region with wavelength less 
than 400 nm and visible-light region with wavelength at 
400-800 nm, assigned to the band adsorption of CdSe. 
And the absorption of CNT-CdSe composite is higher 
than that of CdSe compound in both of UV light and 
visible-light region, as the MWCNTs act as good electron 
acceptors can accept the electrons from light irradiation 
[31,32], indicating the CNT-CdSe composite would exhi- 
bit more excellent photoactivity than CdSe compound. 

Degradation of MB solution 

The photocatalytic activities of the CNT-CdSe compo- 
site were evaluated by the photodegradation of MB aqu- 
eous solution under visible-light irradiation. The 
decreasing concentration of MB in the photocatalytic 
reaction was used to evaluate the activity of the compo- 
site. The characteristic absorption peak of MB solution 
at 665 nm was chosen as the monitored parameter to 
detect the concentration of MB solution. 

Figure 7 represents the degradation of MB over CNT- 
CdSe composite with amount of 0.05 g as a function of 
the original MB concentration under visible-light irradia- 
tion. For different concentrations of the original MB aqu- 
eous solution, the level of photodegradation is quite 
different after 240 min illumination. After illumination 
for 240 min, the adsorption efficiency of the 1 x 10'^ 
mol/L and 5 x 10'^ mol/L was 91% and 54%, respectively. 
However, for the 1 x 10'^ mol/L and MB concentration, 
only about 10% was degraded after 240 min. Therefore, it 
seems that the photodegradation efficiency of the MB 
photocatalyzed by the CNT-CdSe composite decreased 
as the original MB concentration increased. The main 
reason is that the initial dye concentration may affect 
strongly the rate of the photocatalytic process. 

Figure 8 shows the effect of the amount of the CNT- 
CdSe composite on the photocatalytic performance 
under visible-light irradiation. The concentration of MB 
solution is 1x10'^ mol/L. From the Figure 8, it is 
obvious that 0.05 g of the CNT-CdSe composite gave 
the best results of photodegradation of MB solution. 
And the photodegradation efficiency of the MB 
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Figure 5 EDX microanalysis and element weight percentageof CdSe ((a) and (b)) and CNT-CdSe ((c) and (d)). 



photocatalyzed by the CNT-CdSe composite decreased 
as the amount of the CNT-CdSe composite increased. 

Figure 9 represents the degradation of MB over CdSe 
compound and CNT-CdSe composite under visible-Ught 
irradiation, the MB concentration is 1x10"^ mol/L; the 



amount of CdSe compound and CNT-CdSe composite 
is 0.05 g. We can clearly see that the concentration of 
the MB solution gradually diminish with increasing irra- 
diation time for all of samples. After irradiation for 240 
min, the CdSe compound has almost no photocatalytic 
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activity toward the photodegradation of MB solution. 
The presumed reason is that a mass of visible light may 
be absorbed by the MB molecules in aqueous solution 
rather than the CdSe particles for high MB concentra- 
tion, which can reduce the efficiency of the catalytic 
reaction. However, for CNT-CdSe composite, a much 
excellent photocatalytic activity toward the photodegra- 
dation of MB solution can be observed and the MB con- 
centration is removed 55% after irradiation under visible 
light for 240 min. 

According to the above experimental data, the CNT- 
CdSe composite has an excellent photocatalytic activity 
toward the photodegradation of MB solution under visi- 
ble-light irradiation. Figure 10 shows the MWCNTs act- 
ing an electron acceptor for improving the 
photocatalytic activity of CdSe compound. Under 



irradiation by visible lamp, the MWCNTs acting as 
good electron acceptors can accept the electrons by 
light irradiation [31,32]. Meanwhile, the CdSe can be 
also excited to produce the electrons and holes in the 
conduction band (CB) and valence band of CdSe. Then 
the electrons accepted by MWCNTs from light can 
transfer into the CB of CdSe, thereby increasing the 
number of electrons as well as the rate of electron- 
induced redox reactions. The generated electrons (e ) 
probably react with dissolved oxygen molecules and pro- 
duce oxygen peroxide radical O2", the positive charged 
hole (h^) may react with the OH' derived from H2O to 
form hydroxyl radical OH^. The MB molecule then can 
be photocatalytically degraded by oxygen peroxide radi- 
cal O2*' and hydroxyl radical OH* to CO2, H2O, and 
other mineralization [31-34]. 
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Figure 7 Dependence of the MB concentration of the CNT- Figure 9 Degradation of MB under visible light irradiation for 

CdSe composite (0.05 g) under visible light irradiation. the CdSe compound and CNT-CdSe composite. 
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Figure 10 MWCNTs acting an electron acceptor for improving 
the photocatalytic activity of CdSe compound. 
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Conclusions 

In this study, CNT-CdSe composite was successfully 
synthesized by a simple hydrothermal method. From the 
XRD patterns, the cubic crystal structure of CdSe can 
be observed. TEM image shows that the surface of 
MWCNTs has been coated with CdSe layers uniformly 
with particle size of about 10 nm. The EDX results 
reveal the presence of C, Cd, and Se with high content 
in prepared composite. The diffuse reflectance spectra 
suggest the CNT-CdSe composite shows strong photo- 
absorption at UV light and visible-light range. The 
photocatalytic activity of the CNT-CdSe composite is 
investigated by degradation of MB in aqueous solution 
under visible-light irradiation. The results reveal that 
CNT-CdSe composite exhibit excellent photocatalytic 
activity for degradation of MB solution under visible- 
light irradiation. 

Authors' contributions 

WCO conceived of the study, and participated in its design and 
coordination. MLC carried out the experiment, processed the data, wrote 
and submitted the manuscript. All authors read and approved the final 
manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 24 April 201 1 Accepted: 26 May 201 1 Publislned: 26 May 201 1 

References 

1. Nosaka Y, Matsushita M, Nishino J, Nosaka AY: Nitrogen-doped titanium 
dioxide photocatalysts for visible response prepared by using organic 
compounds. Sci Tech Adv Matter 2005, 6:143-148. 

2. Cao F, Shi WD, Zhao LJ, Song SY, Yang JH, Lei YQ, Zhang HJ: Hydrothermal 
synthesis and high photocatalytic activity of 3D wurtzite ZnSe 
hierarchical nanostructures. J Phys Chem C 2008, 1 12:1 7095-1 7101. 



3. Ni YH, Zhang L, Zhang L, Wei XW: Synthesis, conversion and comparison 
of the photocatalytic and electrochemical properties of ZnSe-N2H4 and 
ZnSe microrods. Cryst Res Technol 2008, 43:1030-1035. 

4. Wu HQ, Wang Q, Yao YZ, Qian C, Cao PP, Zhang XJ, Wei XW: 
Microwaveassisted synthesis and highly photocatalytic activity of 
MWCNT/ZnSe heterostructures. Moter Chem Phys 2009, 1 1 3:539-543. 

5. Xiong SL, Xi BJ, Wang CM, Xi GC, Liu XY, Qian YT: Solution-phase synthesis 
and high photocatalytic activity of wurtzite ZnSe ultrathin nanobelts: a 
general Route to ID semiconductor nanostructured materials. Chem Eur 
J 2007, 13:7926-7932. 

6. Kamat PV: Photochemistry on nonreactive (semiconductor) surfaces. 
Chem Rev 1993, 93:267-300. 

7. Su B, Choy KL: Electrostatic assisted aerosol jet deposition of CdS, CdSe 
and ZnS thin films. Thin Solid Films 2000, 361:102-106. 

8. Murali KR, Swaminathan V, Trivedi DC: Characteristics of nanocrystalline 
CdSe films. Sol Energy Moter Sol Cells 2004, 81:1 13-1 18. 

9. Patil KR, Paranjape DV, Sathaye SD, Mitra A, Padalkar SR, Mandale AB: A 
process for preparation of Q-CdSe thin films by liquid-liquid interface 
reaction technique. Mater Lett 2000, 46:81-85. 

10. Colvin VL, Schlamp MC, Alivosatos AP: Light-emitting diodes made from 
cadmium selenide nanocrystals and a semiconducting polymer. Nature 
1994, 370:354-356. 

11. Empedocles SA, Norris DJ, Bawendi MG: Photoluminescence spectroscopy 
of single CdSe nanocrystallite quantum dots. Phys Rev Lett 1996, 
77:3873-3876. 

12. Klein DL, Roth R, Lim AKL, Alivisatos AL, McEuen PL: A single-electron 
transistor made from a cadmium selenide nanocrystal. Nature 1997, 
389:699-701. 

13. Kim CC, Sinavathan S: Optical properties of ZnSe and its modeling. Phys 
RevB]996, 53:1475-1484. 

14. Ahmadi TS, Wang ZL, Green TC, Henglein A, El-Sayed MA: Shape- 
Controlled Synthesis of Colloidal Platinum Nanoparticles. Science 1996, 
272:1924-1925. 

1 5. Huynh W, Peng X, Alivisatos AP: CdSe nanocrystal rods/poly(3- 
hexylthiophene) composite hotovoltaic devices. Adv Mater 1999, 1 1:923-927. 

16. Elmalem E, Saunders AE, Costi R, Salant A, Banin U: Growth of 
photocatalytic CdSe-Pt nanorods and nanonets. Adv Mater 2008, 
20:4312-4317. 

17. Costi R, Saunders AE, Elmalem E, Salant A, Banin U: Visible light induced 
charge retention and photocatalysis with hybrid CdSe-Au 
nanodumbbells. Nano Letters 2008, 8:637-641. 

18. Shen XC, Zhang ZL, Zhou B, Peng J, Xie M, Zhang M, Pang DW: Visible 
light-induced plasmid DNA damage catalyzed by a CdSe/ZnS- 
photosensitized nano-Ti02 film. Environ Sci Technol 2008, 42:5049-5054. 

19. lijima S: Helical microtubules of graphitic carbon. Nature 1991, 354:56-58. 

20. lijima S, Ichihasi T: Single-shell carbon nanotubes of 1-nm diameter. 
Nature 1993, 363:603-605. 

21. De Jong KP, Geus JW: Carbon nanofibers: catalytic synthesis and 
applications. Catal Rev Sci Eng 2000, 42:481-510. 

22. Dekker C: Carbon nanotubes as molecular quantum wires. Phys Today 
1999, 52:22-28. 

23. Chen P, Zhang HB, Liu GD, Hong Q, Tsai KR: Growth of carbon nanotubes 
by catalytic decomposition of CH4 or CO on a Ni— MgO catalyst. Carbon 
1997, 35:1495-1501. 

24. Odom VN, Huang JL, Kim P, Lieber CM: Structure and electronic 
properties of carbon nanotubes. J Phys Chem B 2000, 104:2794-2809. 

25. Chen ML, Bae JS, Oh WC: Characterization of AC/TiOz composite 
prepared with pitch binder and their photocatalytic activity. B Kor Chem 
Soc 2006, 27:1423-1428. 

26. Oh WC, Chen ML, Lim CS: Preparation with different mixing ratios of 
anatase to activated carbon and their photcatalytic performance. J Cera 
Proc Res 2007, 8:119-124. 

27. Chen ML, Oh WC: Fabrication of Cr/CNT/TiOz composite and their 
photocatalytic activity under visible light. Fresen Environ Bull 2010, 
19:2938-2946. 

28. Oh WC, Zhang FJ, Chen ML: Characterization and photodegradation 
characteristics of organic dye for Pt-titania combined multi-walled 
carbon nanotube composite catalysts. J Ind Eng Chem 2010, 16:321-326. 

29. Wang TT, Wang JL, Zhu YC, Xue F, Cao J, Qian YT: Solvothermal synthesis 
and characterization of CdSe nanocrystals with controllable phase and 
morphology J Phys Chem Solids 2010, 71:940-945. 



Chen and Oh Nanoscale Research Letters 2011, 6:398 
http://www.nanoscalereslett.eom/content/6/1/398 



Page 8 of 8 



30. Raevskaya AE, Stroyuk AL, Kuchmiy SYa, Azhniuk YuM, Dzhagan VM, 
Yukhymchuk VO, Valakh MYa: Growth and spectroscopic characterization 
of CdSe nanoparticles synthesized from CdCl2 and Na2SeS03 in aqueous 
gelatine solutions. Colloids and Surfaces A Physicochem Eng Aspects 2006, 
290:304-309. 

31. Chen ML, Zhang FJ, Oh WC: Synthesis, characterization and 
photocatalytic analysis of CNT/Ti02 composite derive from MWCNT and 
titanium source. New Carbon Materials 2009, 24:159-166. 

32. Oh WC, Zhang FJ, Chen ML: Preparation of MWCNT/Ti02 composite by 
using MWCNTs and titanium(IV) alkoxide precursors in benzene and 
their photocatalytic effect and bactericidal activity. B Kor Chem Soc 2009, 
30:2637-2642. 

33. Chen ML, Zhang FJ, Zhang K, Meng ZD, Oh WC: Fabrication of M-CNT/ 
Ti02 (M = Cr, Mn and Fe) composite and the effect of transition metals 
on their photocatalytic activities. J Chem Res 2010, 5:283-287. 

34. Oh WC, Zhang FJ, Chen ML: Preparation of carbon nanotubes/Ti02 
composite with multi-walled carbon nanotubes and titanium alkoxides 
by solvent effect and their photocatalytic activity. Asian J Chem 2010, 
22:2231-2243. 



doi:1 0.1 1 86/1 556-276X-6-398 

Cite this article as: Chen and Oh: Synthesis and highly visible-induced 
photocatalytic activity of CNT-CdSe composite for methylene blue 
solution. Nanoscale Research Letters 201 1 6:398. 



Submit your manuscript to a SpringerOpen^ 
journal and benefit from: 

► Convenient online submission 

► Rigorous peer review 

► Immediate publication on acceptance 

► Open access: articles freely available online 

► High visibility within the field 

► Retaining the copyright to your article 



Submit your next manuscript at ► springeropen.com 



